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Abstract
We study the influence of the spin-torsion coupling prescription and
we prove the causal propagation for the fields of the standard model.
Introduction
In the late 1960s, Salam and Weinberg built a theory of fields characterized by
the U(1) × SU(2)L local gauge symmetry among the massless fields in which
the mechanism of symmetry breaking generates the masses of the interacting
fields ([1]): because the fields involved in the Weinberg and Salam model get
their mass while still interacting with one another then the issue of acausality
as described by Velo and Zwanziger may arise ([2]); moreover additional mass
corrections and effective interactions due to the spin-torsion coupling postulated
by Kibble and Sciama may emerge ([3] and [4]). In this paper we will consider
the SW standard model, applying the VZ general methods to show that the
causal propagation of all fields is preserved, and studying the KS spin-torsion
coupling to see how it may influence the whole system of fields.
1 The Weinberg-Salam model
First, we recall the structure of the Weinberg-Salam standard model [1].
We start by considering the Lagrangian in which the matter contribution
is given in terms of fermion fields, for which the interaction with torsion and
metric is given by the most general covariant derivative implemented in the
vierbein form plus the complex phase transformation U(1), and these fermion
fields will be considered to be a couple of fermion fields verifying the condition
of masslessness so that we will be able to separate the left- and right-handed
projections and we will further be able to re-arrange the two left-handed and
the two right-handed projections into two doublets, each of which could con-
sequently mix according to an additional transformation SU(2); we will first
postulate that the mixing will occur only for the left-handed doublet according
to the SU(2)L transformation, leaving the right-handed doublet without pos-
sibility to mix so that for simplicity we will consider it to be a right-handed
singlet: the fermionic content can be generalized by considering bosons repre-
sented by complex scalar fields arranged in one doublet transforming under the
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same transformation. Now the transformation is U(1)× SU(2)L which in gen-
eral acts upon the fermions and the scalars independently, although we can and
will postulate such a correlation between the coupling constants by defining
R′ = e−iαR L′ = e−
i
2 (~σ·~θ+Iα)L (1)
φ′ = e−
i
2 (~σ·~θ−Iα)φ (2)
and by considering the transformation to be local so that gauge fields ~Aµ and
Bµ are introduced transforming as
~σ · ~A′µ = e−
i
2
~σ·~θ
[
~σ ·
(
~Aµ − 1
g
∂µ~θ
)]
e
i
2
~σ·~θ B′µ = Bµ −
1
g′
∂µα (3)
so that
DµR = ∇µR − ig′BµR DµL = ∇µL− i2
(
g~σ · ~Aµ + g′IBµ
)
L (4)
Dµφ = ∇µφ− i2
(
g~σ · ~Aµ − g′IBµ
)
φ (5)
are the gauge covariant derivatives and
~Aµν = ∂µ ~Aν − ∂ν ~Aµ + g ~Aµ × ~Aν Bµν = ∂µBν − ∂νBµ (6)
are the gauge curvatures, whose covariant derivatives are
Dρ ~A
ρµ = ∇ρ ~Aρµ + g ~Aρ × ~Aρµ DρBρµ = ∇ρBρµ (7)
where all derivatives have been defined in terms of the ordinary derivatives.
Finally the Lagrangian
L = i2
(
RγµDµR−DµRγµR
)
+ i2
(
LγµDµL−DµLγµL
)
+
+Dµφ
†Dµφ+ λ2
(
v2φ2 − 12φ4
)−GY (Rφ†L+ LφR)−
− 14A2 − 14B2 +G (8)
is written in terms of the GY , v
2 and λ2 parameters, and it is clearly the most
general invariant Lagrangian possible; the variation of this Lagrangian yields
the field equations given by
iγµDµR−GY φ†L = 0 (9)
iγµDµL−GY φR = 0 (10)
for the fermions with
D2φ+ λ2
(
φ2 − v2)φ+GYRL = 0 (11)
for the scalar and with
Dρ ~A
ρµ − ig2
(
Dµφ†~σφ− φ†~σDµφ)+ g2Lγµ~σL = 0 (12)
DρB
ρµ + ig
′
2
(
Dµφ†φ− φ†Dµφ)+ g′2 LγµL+ g′RγµR = 0 (13)
Gαµ − 12gαµG+ 12
(
1
4gαµB
2 −BµρB ρα
)
+ 12
(
1
4gαµA
2 − ~Aµρ · ~A ρα
)
+
+ 12
[
Dµφ
†Dαφ+Dαφ†Dµφ− gαµDρφ†Dρφ− gαµλ2
(
v2φ2 − 12φ4
)]
+
+ i4
[(
LγαDµL−DµLγαL
)
+
(
RγαDµR −DµRγαR
)]
= 0 (14)
Qµαβ − i4
(
L{γµ, σαβ}L+R{γµ, σαβ}R
)
= 0 (15)
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for all interactions, all of these field equations being U(1) × SU(2)L covariant
field equations for massless fields.
For such a Lagrangian or system of field equations, the potential is given by
V =
1
2
φ4 − v2φ2 (16)
whose stationary vacuum φ2 = 0 is invariant but unstable and therefore it will
move toward stability breaking the symmetry by spontaneously assuming the
φ2 = v2 configuration; because of this spontaneous breaking of the symmetry, it
is without loss of generality that we can always choose the special gauge called
unitary gauge with respect to which we have
φ =
(
0
v +H
)
(17)
as the configuration that breaks the symmetry and also
~Aµ = ~Mµ (18)
Bµ = Nµ (19)
which are vector fields but they are not gauge vector fields any longer and
L =
(
νL
eL
)
(20)
R = (eR) (21)
for the fermions: these new fields can be collected as
eL + eR ≡ e (22)
and re-named as
cos θNµ − sin θM3µ = Aµ
sin θNµ + cos θM
3
µ = Zµ (23)
and
1√
2
(
M1µ ± iM2µ
)
= W±µ (24)
where g′ = g tan θ in terms of the Weinberg angle, in order to have diagonal
mass matrix. And finally we define the cosmological constant v4λ2 = 4Λ along
with the masses vGY = m for the Dirac fermion and
√
2λv = mH for the Higgs
scalar field and also gv = mW
√
2 = mZ
√
2 cos θ for the two Proca vector fields.
Now, because the symmetry has been only partially broken, there still is a
residual U(1)q symmetry, and setting g sin θ = q, we have this U(1)q symmetry
acting upon the fields as
e′ = e−iβe ν′ = ν (25)
H ′ = H Z ′µ = Zµ W
′±
µ = e
∓iβW±µ (26)
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which is a U(1)q local transformation corresponding to the gauge field Aµ that
transforms as
A′µ = Aµ −
1
q
∂µβ (27)
so that
Dµe = ∇µe− iqAµe Dρν = ∇ρν (28)
DαH = ∇αH DµZν = ∇µZν DµW±ν = ∇µW±ν ∓ iqAµW±ν (29)
are the gauge covariant derivatives and
Fµν = ∂µAν − ∂νAµ (30)
is the gauge curvature, whose covariant derivative is
DρFµν = ∇ρFµν (31)
where all derivatives have been defined in terms of the ordinary derivatives.
At last we are able to write down all the field equations after the spontaneous
breakdown of the gauge symmetry as
iγµDµe+ q tan θ
[
Zµ − 3 cot θ32q
(
(2 sin θ)2eγµe− 2eLγµeL + 2νγµν
)]
γµe −
− g2 cos θ
[
Zµ − 3 cot θ32q
(
(2 sin θ)2eγµe− 2eLγµeL + 2νγµν
)]
γµeL +
+ g√
2
[
W+µ +
3
g4
√
2
(
1−(2 sin θ)2
(2 sin θ)2
)
νγµeL
]
γµν −
−m
[
v+H+ 3
2GY
( cos θ2 )
2
ee
v
]
e − i
[
3
2
(
cos θ
2
)2
ieγe
]
γe = 0 (32)
iγµDµν +
g
2 cos θ
[
Zµ − 3 cot θ32q
(
(2 sin θ)2eγµe− 2eLγµeL + 2νγµν
)]
γµν +
+ g√
2
[
W−µ +
3
g4
√
2
(
1−(2 sin θ)2
(2 sin θ)2
)
eLγµν
]
γµeL = 0 (33)
for the fermion fields with the system
D2H +m2H
(
H2+3vH+2v2
2v2
)
H −
(
m2
Z
Z2
2 +m
2
WW
2
) (
H+v
v2
)
+ m2v ee = 0 (34)
DµZ
µ + 2Zµ∇µ ln (v +H) + m√2mZ
ieγe
(v+H) = 0 (35)
DµW
µ+ − iq tan θZµW+µ + 2Wµ+∇µ ln (v +H)− mmW
iνγe
(v+H) = 0 (36)
in which it is clear that for the doublet of complex scalars the 4 field equations
have been separated apart so to have 1 field equation left for the real scalar while
the other 3 field equations have been transformed into 1 real and 1 complex
conditions that are constraints for
DµD
[µW ν]+ + ig cos θZµD
[µW ν]+ + ig cos θDµ (Z
µW ν+ − ZνWµ+)−
−iW+µ
(
g cos θD[µZν] − qFµν)+ (g cos θ)2 (W+µ ZµZν −W ν+Z2)+
+m2WW
ν+
(
v+H
v
)2
+ g2
(
W ν−W+µ W
µ+ −W 2W ν+)+ g√
2
νγνeL = 0 (37)
DµD
[µZν] + (g cos θ)2
[
(W ν−Wµ+ +Wµ−W ν+)Zµ − 2W 2Zν
]
+
+m2ZZ
ν
(
v+H
v
)2
+ ig cos θ
(
W+µ D
[µW ν]− −W−µ D[µW ν]+
)
+
+ig cos θDµ (W
µ+W ν− −W ν+Wµ−) + qeγνe tan θ −
− g2 cos θ (eLγνeL − νγνν) = 0 (38)
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for the charged and neutral massive vectors leaving then
DµF
µν − iq (W+µ D[µW ν]− −W−µ D[µW ν]+)−
−iqDµ (Wµ+W ν− −W ν+Wµ−)−
−qg cos θ [(W ν−Wµ+ +Wµ−W ν+)Zµ − 2W 2Zν]+ qeγνe = 0 (39)(
Rαµ − 12gαµR
)
+ 12
(
1
4gαµF
2 − FµρF ρα
)
+
+ 12
(
1
4gαµD[βZρ]D
[βZρ] − gρβD[αZβ]D[µZρ]
)
+
+ 12
[
1
2gαµD
[βW ρ]−D[βW
+
ρ] − gρβ
(
D[µW
+
ρ]D[αW
−
β] +D[µW
−
ρ]D[αW
+
β]
)]
+
+ i2
(
qFµρ − g cos θD[µZρ]
)
(W+α W
ρ− −W ρ+W−α ) +
+ i2
(
qFαρ − g cos θD[αZρ]
) (
W+µ W
ρ− −W ρ+W−µ
)
+
+ i2gαµ
(
g cos θD[βZρ] − qF βρ)W−ρ W+β −
− i2g cos θ
(
D[µW
+
ρ]W
−
α −D[µW−ρ]W+α
)
Zρ +
+ i2g cos θ
(
D[µW
+
ρ]W
ρ− −D[µW−ρ]W ρ+
)
Zα −
− i2g cos θ
(
D[αW
+
ρ]W
−
µ −D[αW−ρ]W+µ
)
Zρ +
+ i2g cos θ
(
D[αW
+
ρ]W
ρ− −D[αW−ρ]W ρ+
)
Zµ +
+ i2gαµg cos θ
(
W−β D
[βW ρ]+ −W+β D[βW ρ]−
)
Zρ −
− 12 (g cos θ)
2 [(
W+µ W
−
α +W
+
α W
−
µ
)
Z2 + 2W 2ZαZµ
]
+
+ 12
(
W+ρ W
−
α +W
+
α W
−
ρ
)
(g cos θ)
2
ZµZ
ρ +
+ 12
(
W+µ W
−
ρ +W
+
ρ W
−
µ
)
(g cos θ)2 ZαZ
ρ +
+ 12gαµ (g cos θ)
2 (
W 2Z2 −W β+W−ρ ZβZρ
)−
− 12g2
(
W+µ W
−
α +W
+
α W
−
µ
)
W 2 +
+ 12g
2
(
W−µ W
−
α W
+
ρ W
ρ+ +W+µ W
+
α W
−
ρ W
ρ−)+
+ 14gαµg
2
[(
W 2
)2 − (W β−W−β W+ρ W ρ+
)]
+
+
(
DµHDαH − 12gαµDρHDρH
)
+ 12gαµm
2
HH
2
(
H+2v
2v
)2
+
+ 12m
2
Z
(
H+v
v
)2 (
ZαZµ − 12gαµZ2
)
+
+ 12m
2
W
(
H+v
v
)2 (
W+α W
−
µ +W
+
µ W
−
α − gαµW 2
)
+
+ i8 [(νγαDµν −Dµνγαν) + (νγµDαν −Dανγµν)] +
+ i8 [(eγαDµe−Dµeγαe) + (eγµDαe−Dαeγµe)] +
+ 14q tan θ (eγαeZµ + eγµeZα)−
− g8 cos θ (eLγαeLZµ + eLγµeLZα − νγανZµ − νγµνZα) +
+ g
4
√
2
(
eLγανW
+
µ + eLγµνW
+
α + νγαeLW
−
µ + νγµeLW
−
α
)
+
+ 364gαµ (4νγρνeLγ
ρeL − 2νγρνeγρe− eγρeeγρe)− gαµΛ = 0 (40)
for all the massless interactions, and all of these field equations are still U(1)q co-
variant hermitian field equations but now for massive fields with a cosmological
term: thus the spontaneous breakdown of the gauge symmetry has rearranged
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the 4 field equations for the scalar for which 3 of them have converted into 3
constraints for 3 gauge vector fields which have therefore acquired the addi-
tional degree of freedom they needed to become massive and as a consequence
all Proca fields are now in interaction with one another.
1.1 The Velo-Zwanziger problem
Next, we remind to the reader the Velo-Zwanziger general methodology em-
ployed to discuss acausal propagation [2].
In general matter fields are classified according to the value of their spin,
namely a given matter field of spin s possesses 2s+1 degrees of freedom: these
will have to correspond to the 2s+1 independent solutions of a system of differ-
ential equations that specify the highest-order time derivative for all components
of the field, called system of matter field equations. However, it may happen
that field equations are not enough to determine the correct rank of the solu-
tion, and thus restrictions need be imposed in terms of equations in which all
components of the field have highest-order time derivatives that never occur,
called constraints: these constraints can be imposed in two ways, either being
implied by the field equations, or being assigned as subsidiary conditions that
come along with the field equations themselves. Although the former proce-
dure seems more elegant, whenever interactions are present it gives rise to the
situation for which the interacting fields could let terms of the highest-order
derivative appear in the equation that determines the propagation of the wave
fronts, affecting the propagation of the wave fronts. The equation that deter-
mines the propagation of the wave fronts is obtained by considering in the field
equations eventually modified by constraints only the terms of the highest-order
derivative in which all derivatives will be formally replaced with the vector n
getting a matrix, called propagator or characteristic matrix, of which one has
to require the singularity, giving an equation, called characteristic equation; its
solutions n represent the characteristic propagation of the wave fronts in such a
way that if there is no time-like solutions then there is no acausal propagation
of the wave fronts themselves. What happens is that for special types of field
equations for massive fields the interactions let the commutator of covariant
derivatives appear in the constraints, and thus within the field equations, modi-
fying first the propagator, then the characteristic equation, finally the solutions,
and therefore affecting the causality of the propagation.
This is a very general procedure that can be applied to any model: because
in the SW standard model we have spontaneous breakdown of the gauge sym-
metry generating the mass of the massive fields and making all Proca fields
interacting with each other, then we have the conditions for which causality
issues as described by the Velo-Zwanziger problem can arise: so by considering
for the massive vector fields the field equations (38) and (37) and plugging the
constraints provided by (35) and (36) back into the correspondent field equation
we see that both these field equations can equivalently be written as field equa-
tions in which the Laplacian is the only highest-order derivative term, the same
is trivially true for the massive scalar field with field equations (34), nothing
happens for the massless bosonic fields with field equations (39) and (40), and
obviously nothing at all is even changed for the fermionic fields (32) and (33)
as well. So all characteristic equations are of the simplest n2 ≡ 0 form and
therefore all solutions are of the light-like type alone, so that we can conclude
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that all fields of the standard model have causal propagation and what is more
important is that this solution is ensured by a characteristic equation that is un-
changed with respect to the one we had before the breakdown of the symmetry
generating mass.
So far we have proved the causal propagation of all fields of the standard
model as it has also been done in [5]: however in this paper Farkas and Pocsik
get for the Proca fields a characteristic equation given by n2 (v +H) = 0 which
is not correct; furthermore the authors disregard all other matter fields with
no justification. In this paper we have obtained n2 = 0 as the characteristic
equation for all fields, which does not only tell us that causality is preserved but
also that it is preserved because the propagation is not affected by the symmetry
breaking for the mass generation.
1.2 The Kibble-Sciama coupling
Finally, we remind to the reader the Kibble-Sciama coupling prescription used
to include the spin-torsion interaction [3] and [4].
In the scheme of Einstein gravity as a spacetime metric the energy-curvature
interaction is established through field equations coming from conservation laws
in the form of the Jacobi-Bianchi identities; Kibble-Sciama adopted the same
spirit in the most general case where spacetime torsion is allowed obtaining that
the spin-torsion interaction is established through field equations coming from
conservation laws in the form of the Jacobi-Bianchi identities written in the
most general instance where torsion is considered: the resulting theory is the
Einstein-Sciama-Kibble theory in which there is the energy-curvature as well as
the spin-torsion coupling as basis for the field equations.
Now although all fields have energy and so all of them have an energy-
curvature coupling, the scalar field has no spin and the gauge fields have spin
but their spin tensor is force to vanish because of gauge invariance leaving only
the gravitational and fermionic fields with a spin-torsion coupling; after torsion
is separated and written in terms of the fermion fields themselves, we have
that in the gravitational field equations additional potentials appear but it is in
the fermionic field equations that these additional potentials have the features of
autointeractions of the fermions with themselves and with one another: however
as a closer inspection of field equations (32) and (33) may show we have that
all torsional-spinorial contributions can actually be rearranged in order to be
written either in the form of vector and scalar fields which are absorbed into the
Proca and Higgs fields or in terms of pseudo-scalar fields which does not contain
physical degrees of freedom, and therefore none of them is likely to influence
any of the field equations in a phenomenologically detectable way.
Actually the idea of a strict connection relating gravitational extensions to
the electroweak interactions has been suggested for instance in [6], [7] and [8]:
in these papers those authors use torsion or other tensors or connections to
attempt a description that accounts for the electroweak forces or at least for
their effects. Here we have proved that is possible to use generalized connections
to mimic the electroweak force or at least its effects, but the problem is precisely
that so long as the fundamental electroweak force is present, the two types of
derived or original electroweak forces do have the same structure, and their
discrimination may be impossible; moreover when directly compared, it is likely
that the derived one is negligible with respect to the original electroweak force,
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with the consequence that the former may always be swamped by the latter
away. Then, although the idea of using the geometrical framework of general
relativity to produce the electroweak-like dynamics is appealing and reasonable
and may even be concrete, nevertheless there is the chance that we will never
be able to observe such dynamics.
Conclusion
In this paper we have proved the causal propagation of all fields of the standard
model; moreover we have proved that causality is maintained because the entire
propagation is unchanged during the generation of the masses of all massive
particles in the standard model itself. Eventually we have discussed the spin-
torsion coupling showing that all contributions may even influence the system of
field equations but the possibility to actually observe such influence is unlikely.
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